absolute quantification of acetyl-TAG. The increased sensitivity of this ESI-MS-based approach allowed successful quantification of acetyl-TAG in various biological settings, including the products of in vitro enzyme activity assays.
Introduction
3-Acetyl-1,2-diacyl-sn-glycerol (acetyl-TAG) are unusual triacylglycerols (TAG) with an acetate group at the sn-3 position instead of the typical long chain fatty acid. In nature, these molecules are abundantly present in the seeds of plant families in the Celastraceae, Balsaminaceae, Lardizabalaceae, Ranunculaceae and Rosaceae [1, 2] . Small quantities of acetyl-TAG have also been discovered in animals and insects [3, 4] . Acetyl-TAG possess very different chemical and physical properties compared to regular TAG. For example, they possess a lower viscosity and improved cold temperature properties [5, 6] . These altered characteristics make acetyl-TAG useful for different applications, including as an Abstract Acetyl-triacylglycerols (acetyl-TAG) possess an sn-3 acetate group, which confers useful chemical and physical properties to these unusual triacylglycerols (TAG). Current methods for quantification of acetyl-TAG are time consuming and do not provide any information on the molecular species profile. Electrospray ionization mass spectrometry (ESI-MS)-based methods can overcome these drawbacks. However, the ESI-MS signal intensity for TAG depends on the aliphatic chain length and unsaturation index of the molecule. Therefore response factors for different molecular species need to be determined before any quantification. The effects of the chain length and the number of double-bonds of the sn-1/2 acyl groups on the signal intensity for the neutral loss of short chain length sn-3 groups were quantified using a series of synthesized sn-3 specific structured TAG. The signal intensity for the neutral loss of the sn-3 acyl group was found to negatively correlated with the aliphatic chain length and unsaturation index of the sn-1/2 acyl groups. The signal intensity of the neutral loss of the sn-3 acyl group was also negatively correlated with the size of that chain. Further, the position of the group undergoing neutral loss was also important, with the signal from an sn-2 acyl group much lower than that from one located at sn-3. Response factors obtained from these analyses were used to develop a method for the Electronic supplementary material The online version of this article (doi:10.1007/s11745-016-4179-0) contains supplementary material, which is available to authorized users.
improved low-viscosity straight vegetable oil biofuel. The identification of the EaDAcT acetyltransferase responsible for the synthesis of acetyl-TAG resulted in the generation of transgenic seeds capable of producing high levels of these useful molecules, suggesting a route to the agricultural production of acetyl-TAG [5, 6] . To aid in the efforts to increase acetyl-TAG levels, a rapid and accurate method to quantify these valuable storage lipids would be very useful. Currently, the quantification of acetyl-TAG from seed oil is based on their separation from other components of a total lipid extract using thin layer chromatography (TLC). The separated TAG fractions are then transmethylated and the subsequent fatty acid methyl esters quantified using gas chromatography (GC). These methods are laborious and time consuming. They also do not provide any information on the types of TAG molecular species present.
In contrast, electrospray ionization mass spectrometry (ESI-MS)-based techniques have become increasingly popular for the quantification of lipids, including TAG. The very different molecular masses of acetyl-TAG and regular TAG allow ESI-MS to easily distinguish these two types of TAG species without the need for chromatographic separation. Previously, we have used MS1 scans to successfully quantify acetyl-TAG [5] , but found these methods could easily be confounded by the presence of other lipid species, which led to increased ion suppression and background noise. One way to overcome this problem is to quantify TAG by performing scans for the neutral loss of a fatty acid. Such methods have been used to study relative quantification of intact DAG and TAG species in mammalian cells [7] and for the quantitative profiling of Arabidopsis seed oil TAG [8] . These particular methods suffer from the drawback that the neutral loss of each fatty acid needs to be scanned and accounted for in different molecular species. Thus, these methods require multiple scans and therefore tend to be time and computation intensive. However, because acetyl-TAG molecular species can all be detected by the neutral loss of the common sn-3 acetate group, these unusual TAG molecules can be quantified with a single scan.
Here, we extend previous neutral loss-based methods by developing a method designed to specifically quantify acetyl-TAG. Because acetate represents the shortest fatty acid, it was not clear whether the particular methods previously used for regular TAG would still be valid. We also examined the effects of other fatty acids at the sn-3 position, as well as the position of the acetate group on the glycerol backbone. This allowed us to develop a rapid ESI-MS-based method for the quantification of acetyl-TAG. The method avoids the high signal background of MS1-based methods by only detecting acetate containing molecules. Also, because there is only a single scan for the neutral loss of acetate, the data analysis is relatively quick and straightforward. The method was validated by quantifying acetyl-TAG in different biologically relevant lipid samples. The increased sensitivity also allowed the quantification of acetyl-TAG produced by small scale in vitro enzyme assays. This method therefore provides a rapid way to quantify acetyl-TAG and other short acyl group containing TAG molecules.
Materials and Methods

Synthesis of Structured TAG Standards
The TAG standards used in this study were synthesized from their respective phosphatidylcholine (PtdCho) orthologs (Avanti Polar Lipids, Alabaster, AL, USA) using a two-step method. In the first step, PtdCho containing the desired sn-1/2 acyl composition were converted to 1,2-DAG using phospholipase C (Sigma-Aldrich, St. Louis, MO, USA). Acetyl-TAG were subsequently synthesized by treating 1,2-DAG with acetic anhydride/pyridine (3:2) overnight at room temperature [9] . Other TAG with different chain length sn-3 fatty acids were synthesized from 1,2-DAG using the appropriate acyl-chloride (Nu-Chek Prep, Waterville, MN, USA) [10] . All TAG were purified from reaction mixtures using preparative TLC after which they were quantified using GC and their purity confirmed using ESI-MS.
Culture Condition and Lipid Preparation
The Saccharomyces cerevisiae quadruple knockout strain H1246 was kindly provided by Dr. Sten Stymne (Swedish Agricultural University) and transformed with the native EaDAcT gene in the expression vector pYES-DEST52 [5] . EaDAcT protein expression was induced by growing transformed yeast in selective minimal medium in the presence of galactose for 48 h with a starting O.D 600 of 0.02. 30 ml samples were collected at 12-h intervals and pelleted by centrifugation at 4000 rpm for 15 min. Cell pellets were washed with water to remove residual media and frozen at −20 °C until extraction. Lipids were extracted using a chloroform-methanol extraction method [5] , dissolved in 500 μl of toluene and stored at −20 °C until further analysis.
Quantification of Acetyl-TAG by Gas Chromatography
Total lipid extracts were separated on Silica gel 60 TLC plates (Merck, Kenilworth, NJ, USA) using a hexane/diethyl-ether/acetic acid (70:30:1) solvent system and visualized by very brief exposure to iodine vapor. Then, 5 μg triheptadecanoin (Nu-Chek Prep, Waterville, MN, USA)
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was added to the acetyl-TAG bands. Lipids were recovered by scraping the silica, extracting with 5 ml chloroform, drying under nitrogen and dissolving in 500 μl hexane. Acetyl-TAG were converted to their fatty acid methyl esters (FAME) using base-catalyzed transmethylation [11] . 50 μg of butylated hydroxytoluene was added to each sample before transmethylation to prevent oxidation. FAME were quantified using an Agilent gas chromatograph equipped with a HP-88 column (0.25 mm × 100 m), a split/splitless injector and flame ionization detector (FID). Typically, 4 µl of sample were injected in splitless mode. The carrier gas was helium with a flow rate of 16.4 ml min −1 . The oven temperature was maintained at 150 °C for 1.0 min, then ramped to 175 °C at 10 °C min −1 , kept there for 10 min, then ramped to 210 °C at 5 °C min −1 and kept there for 4 min. FAME were identified by comparing their retention times with those in a 37 component standard mix (Supelco # 47885-U). Chromatogram peak areas were corrected for FID response and used to calculate moles of acetyl-TAG as described previously [12] , accounting for the fact that acetyl-TAG only contain two fatty acids per molecule.
Mass Spectrometry Analysis of TAG
The samples for mass spectrometry were prepared by dissolving the lipid extracts in 300 µl chloroform to obtain the desired final concentration (125 nm and 500 nM for TAG standard mixes and 1-2 μg ml −1 of acetyl-TAG purified from Euonymous oil or yeast lipid extract) and 700 μl of methanol: 300 mM ammonium acetate, 100:5.26 (v/v). Prior to addition of the sample, 4.5 µl of 10 µM 15:15:X TAG (where X = 2, 4, 6 or 12) was added to the tube and solvent evaporated away; the addition of the 300 µl of sample resulted in a final normalization standard concentration of 150 nM. Samples were introduced by continuous infusion with a syringe pump to the ESI-MS source on a triple quadrupole mass spectrometer (API4000, Applied Biosystem, Foster City, CA, USA). Samples were infused at 30 μl min −1 with an autosampler (LC mini PAL, CTC Analytics, AG Zwingen, Switzerland) fitted with an appropriate loop for the acquisition time. TAG were detected and quantified by a series of neutral loss scans targeting the loss of specific fatty acids as neutral ammoniated fragments: NL77.1, loss of acetate for acetyl-TAG; NL105.1, loss of butyrate for butyryl-TAG; NL133.2, loss of hexanoate for hexanoyl-TAG; NL217.3, loss of dodecanoate for dodecanoyl-TAG. The scan speed was 100 μs per transition. The collision energy, with nitrogen in the collision cell, was +20 V; declustering potential was +100 V; entrance potential was +10 V and exit potential was +14 V. One hundred twenty continuum scans were averaged in multiple channel analyzer mode. For all analyses the collision gas pressure was set on 'low', and the mass analyzers were adjusted to a resolution of 0.7 unit full width at half height. The source temperature (heated nebulizer) was 100 °C; the interface heater was on; +5.5 kV was applied to the electrospray capillary; the curtain gas was set at 20 (arbitrary units); and the two ion source gases were set at 45 (arbitrary units).
Data Processing and Acetyl-TAG Quantification
For acetyl-TAG analyses, the background of each spectrum was subtracted, data smoothed (7-point boxcar), and peak areas were integrated using Applied Biosystems Analyst software. Peaks corresponding to the target lipids in these spectra were identified, deconvoluted for M + 2 and M + 4 isotopic overlap and corrected for isotopic variation using an in-house script that utilizes the creation of isotopomer abundance matrixes [13] . Because ionization efficiency is dependent on the total number of carbons and double bonds in the TAG molecule [14] , adjustment factors were obtained by measuring the signal from different concentrations of TAG standard mixes. For example, acetyl-TAG standard mixes contained the following molecular species in equimolar quantities (125 or 500 nM each species):
3-acetyl-1,2-dilinoleoyl-sn-glycerol and 3-acetyl-1,2-arachidonyl-sn-glycerol, with 3-acetyl-1,2-dipentadecanoyl-sn-glycerol spiked at 150 nM (Fig. 1  ESM) . The signal intensity for each standard molecular species was normalized to that of 3-acetyl-1,2-dipentadecanoyl. The relationship between the normalized signal intensity and concentration (referred to as slope) was calculated for each TAG standard. Multiple linear regression was then used to determine the relationship between the slope and the number of carbons and double bonds. For example, when quantifying the acetyl-TAG present in Euonymus oil, this relationship was defined by the algorithm z = −0.000 44532x − 0.00046504y + 0.020288 (rss = 1.08 × 10 −7 ), where x is the total number of carbons present in the acyl (including acetyl) chains and y is the total number of double bonds. This relationship was then used to correct the signal for a particular TAG molecular species based on number of carbons and double bonds present in that molecule [14] . Because of variability in instrument response over time, TAG standards were always analyzed in the same batch as samples being quantified and new correction factors were determined for each experiment.
In Vitro Acetyltransferase Assays
Microsomes were extracted from the S. cerevisiae strain H1246 expressing EaDAcT and acetyltransferase assays performed as previously described [5] , except that no exogenous DAG was added. Instead, the assays relied on the abundant DAG present in yeast microsomes as the reaction acyl acceptor. [1- 14 C] acetyl-CoA (Perkin Elmer Life Sciences, Waltham, MA, USA) and [1,2- 13 C] acetyl-CoA (Sigma-Aldrich, St. Louis, MO, USA) were used for radiolabeled-based and ESI-MS-based assays, respectively. For the radiolabel-based assay, acetyl-TAG were quantified by separating the lipid extracts from the assay using TLC, scraping the bands and quantifying radioactivity using scintillation counting.
Results and Discussion
Effect of Number of Carbons and Double Bonds on Neutral Loss Signal Intensity
The signal intensity for different TAG molecular species is correlated to the aliphatic chain length and unsaturation index [14] . We were curious to see whether similar effects occurred for different acetyl-TAG molecular species, particularly when undergoing the neutral loss of acetate. We also wanted to study the effects of other different short fatty acids on neutral loss signal intensity. Combinations of structured TAG sharing a common sn-3 acyl group but containing varying fatty acids at their sn-1 and sn-2 were synthesized ( Table 1 ESM) . Equimolar mixtures were analyzed using an ESI-MS neutral loss scan for the common sn-3 acyl group (Fig. 1 ESM) . The signal for each molecular species was normalized to that of an 3-acyl-1,2-dipentadecoyl-sn-glycerol standard that was spiked to the same level in all the mixtures. The relationship between normalized signal intensity and concentration (referred to as slope) was calculated for each TAG species. Plotting this slope against the number of carbons at the sn-1 and sn-2 positions revealed a negative correlation, with larger fatty acids leading to a decrease in NL signal response (Fig. 1a) . This trend remained consistent for the loss of different chain length sn-3 acyl groups varying in number of carbons from 2 to 12. A similar effect was observed for the neutral loss of palmitoyl and stearoyl ammonium adducts from TAG [8] . Increasing the total degree of unsaturation from zero to four double bonds at the sn-1 and sn-2 positions also decreased the NL signal intensity (Fig. 1b) . Previous work has similarly shown that the formation of DAG + ions via the loss of oleic acid and ammonia was also reduced when the parent TAG molecule contained more double bonds [15] . One potential explanation for these results is derived from observations that an increased number of double bonds in an acyl group appears to favor the loss of that group [10, 15, 16] . These results would imply that for acetyl-TAG, the neutral loss of acetic acid and ammonia becomes relatively less favorable as the other two fatty acids become more unsaturated. However, additional work to quantify the formation of other fragments formed during collision induced dissociation (CID) is needed to confirm this. Overall, the NL signal intensity for the loss of the sn-3 acyl group decreased with an increase in the total number of carbons and the total degree of unsaturation for a TAG. This trend remains constant for all series of TAG containing sn-3 acyl groups with varying short and medium chain lengths (2-12 carbons).
For TAG molecular species containing the same kind of acyl groups at sn-1 and sn-2 positions, NL of the sn-3 acyl groups tended to result in a higher signal response as the size of the neutral loss fragment increased from acetate to butyrate; signal response then decreased as the size of the neutral loss fragment increased (Fig. 2) . Similar results were observed in the CID spectra of structured TAG containing palmitate at the sn-1 and -3 positions and different fatty acids at the sn-2 position. Here, the likelihood of the loss of the sn-2 fatty acid increased with length from four to six carbons, after which it decreased for longer fatty acids [10] . In our case, this trend was influenced by the instrument settings, especially collision energy, and changes in this parameter particularly affected this trend (data not shown). Given our interest in acetyl-TAG, the instrument settings were optimized for the neutral loss of acetate and not for other acyl groups.
Effect of the Position of Acetate Groups
It is well established that during the CID of TAG, the loss of the sn-2 fatty acid is less favorable than the loss of a fatty acid from the sn-1 or -3 positions [16] [17] [18] . We were therefore interested to determine whether the position of a much smaller acetate group in acetyl-TAG also affects its neutral loss signal. Samples of 3-acetyl-1,2-dipentadecanoyl-snglycerol or 2-acetyl-1,3-dipentadecanoyl-sn-glycerol were spiked with an equal quantity of 3-acetyl-1,2-dipalmitoyl-sn-glycerol and subjected to a NL scan for the loss of acetate. At two different concentrations, the signal for the loss of acetate from sn-3 position was found to be about three times higher than the signal for loss from sn-2 position (Fig. 3) , consistent with the many previous reports indicating the preferential loss of longer acyl groups from the sn-1 or -3 positions [16] [17] [18] . The substrate specificity of the plant enzymes that synthesize acetyl-TAG means that biologically produced acetyl-TAG molecules possess an sn-3 acetate group [1, 5] . However, this result suggests that care should be taken when quantifying acetyl-TAG regioisomers using this neutral loss scan procedure.
ESI-MS Neutral Loss Scan-Based Quantification of Purified Acetyl-TAG
The predictable relationship between the number of carbons and double bonds at the sn-1 and sn-2 positions in a specific acetyl-TAG molecular species and the signal intensity from the neutral loss of an acetate group ( Fig. 1 ; r 2 = 0.9812 and 0.8416, respectively) suggested we could Fig. 3 The position of the acetate group affects its neutral loss signal intensity. The signal intensity for the neutral loss of the acetate group from 3-acetyl-1,2-dipentadecanoyl-sn-glycerol or from 2-acetyl-1,3-dipentadecanoyl-sn-glycerol was normalized to that from an equimolar amount of 3-acetyl-1,2-dipalmitoyl-sn-glycerol present in both the samples use this method to quantify more complex mixtures of acetyl-TAG. To determine the accuracy of the new quantification method it was tested on acetyl-TAG purified from Euonymus alatus seed oil. An 1 mg ml −1 acetyl-TAG stock was analyzed using the newly developed ESI-MS method and compared to the results obtained using standard GC-FID approach. The acetyl-TAG profile was dominated by molecular species at m/z 654.7 and 680.7, corresponding to 36:1 and 38:2, respectively (Fig. 2 ESM) . Together, these two molecular species account for almost half of the acetyl-TAG present in the oil sample (Table 1) and are consistent with the high levels of oleic acid (18:1) present in the acetyl-TAG fraction (Table S2) . Thus, the majority of 36:1 is probably 16:0-18:1-2:0 and 38:2 mostly 18:1-18:1-2:0, though product ion scans of these molecular species will be needed to confirm this. The total acetyl-TAG content was calculated as sum of the different acetyl-TAG molecular species present in Euonymus oil (Fig. 2 ESM) . The 0.97 ± 0.01 mg ml −1 value obtained by GC-FID did not differ significantly from the 0.93 ± 0.02 mg ml −1 value obtained using the ESI-MS analysis method (Student's t test, P = 0.106).
Quantification of Acetyl-TAG in Yeast Lipid Extracts
To further test this ESI-MS-based quantification method in a relevant biological setting, we quantified the production of acetyl-TAG in a TAG deficient yeast strain transformed with EaDAcT. The subsequent acetyl-TAG producing yeast possessed a typical sigmoidal shaped growth curve. The exponential phase started after a lag phase of 12 h and lasted for 24 h after which the cells entered stationary phase. Lipids were extracted from cells collected at different time intervals spread across all three growth phases. The acetyl-TAG content was quantified using both our new ESI-MS-based method or transmethylation followed by GC-FID. Acetyl-TAG accumulation reached its peak by 24 h and declined sharply once the yeast entered the stationary phase. The acetyl-TAG molecular species were dominated by molecules containing two double-bonds (Fig. 3 ESM) consistent with the highly monounsaturated nature of the fatty acids found in yeast [19, 20] . Interestingly, the method was sensitive enough to reveal small quantities of a medium chain fatty acid containing molecular species (32:1); in contrast, the traditional method of TLC separation, transmethylation and GC-FID did not consistently detect medium chain fatty acids in the small samples used. The acetyl-TAG molecular species composition changed over the course of the different stages of culture, with increases of molecular species containing two double bonds and decreases in species containing one double bond (Table 2 ; Fig. 3 ESM) . These changes are consistent with changes in the fatty acid profile of the acetyl-TAG where 16:1 and 18:1 levels increase while those of saturated fatty acids decrease (Table S3) . Importantly, there were no significant differences between the amounts of acetyl-TAG quantified from total lipid extracts using ESI-MS or using GC-FID quantification (Fig. 4) . Therefore the ESI-MSbased method can be used to accurately and rapidly quantify acetyl-TAG from biological samples. 
Comparison of ESI-MS Analysis-Based DGAT Assay with a Radiolabel-Based Assay
Having demonstrated the ability to quickly and accurately quantify acetyl-TAG, we wanted to determine whether the method was sensitive enough to accurately quantify the acetyl-TAG products of an in vitro reaction. In the past we have used radiolabeled methods to study some of the in vitro biochemical properties of the EaDAcT acetyltransferase enzyme responsible for the synthesis of acetyl-TAG [5] . However, an ESI-MS-based method would significantly reduce the time required for the assay compared to a radioactivity-based quantification. To demonstrate that the newly developed ESI-MS-based method can give comparable results to the traditional radioactive-based methods, we performed the two assays from the same batch of microsomes at varied concentrations of acetylCoA, either unlabeled or [ 14 C]-labeled. Unexpectedly, the microsomes obtained from yeast expressing EaDAcT possessed high levels of acetyl-TAG, even when no acetylCoA was added to the reaction (Fig. 5) . The in vitro reaction did not produce enough additional acetyl-TAG that could be correctly estimated above the endogenous background in the ESI-MS-based assay (data not shown). To overcome this, [1,2- 13 C]-labeled acetyl-CoA was used for the ESI-MS-based assay. This enabled us to specifically quantify the [
13 C] acetyl-TAG produced during the assay over endogenous background of normal acetyl-TAG by scanning for the neutral loss of the heavier [
13 C]-labeled acetate group (Fig. 6) . The ESI-MS-based assay could detect as little as 3 pmol of individual acetyl-TAG molecular species. The two assays yielded similar enzyme activity curves with activity values derived from the two methods highly correlated (Fig. 7) , resulting in similar apparent K m and V max values. The K m value is high given that the reported concentration of acetyl-CoA in plants and yeast are in range of 5-30 µM [21, 22] . One explanation is that microsomes are relatively crude enzyme preparations and therefore contain other enzymes, many of which could also utilize acetyl-CoA. For example, lipid extracts from empty vector control yeast microsomes incubated with 14 C] acetyl-CoA also contain multiple radioactive compounds indicating the ability of endogenous enzymes to utilize this ubiquitous substrate [5] . Indeed, problems with thioester hydrolases present in microsomes have long been noted [23] . Therefore, the interference present from other acetyl-CoA utilizing proteins in microsomes might have caused this shift in K m value. More importantly however, these results demonstrate that the ESI-MS assay is a rapid and accurate substitute for the more time consuming radiolabel-based assay for quantification of in vitro produced acetyl-TAG. The hyperbolic response of EaDAcT activity to acetylCoA concentration (Fig. 7) is different to the sigmoidal response of diacylglycerol acyltransferase (DGAT1) activity to oleoyl-CoA [24] . While both enzymes are members of the membrane bound O-acyltransferase (MBOAT) family, EaDAcT is more closely related to the Arabidopsis sterol acyltransferase and the jojoba wax synthase than to DGAT1 from different species [5, 6] . Notably, the smaller EaDAcT protein lacks the N-terminal portion of DGAT1 which has previously been shown to bind acyl-CoA in a sigmoidal manner [25, 26] , offering an explanation for the different kinetic properties of these divergent MBOAT.
In summary, we developed an ESI-MS-based method for the absolute quantification of TAG containing acetate and other short acyl groups. In order to achieve this, we determined the effect of the acyl group composition on the neutral loss signal, something which has never been performed for short fatty acids. The method compared well to traditional methods of quantification and was sensitive enough to quantify the products of a small scale in vitro enzyme reaction. Because this new method involves the direct infusion of total lipids, it eliminates the need for the laborious process of acetyl-TAG fractionation from other lipid components before quantification. Further, it also provides quantitative information about the amount of intact molecular species of acetyl-TAG. Other methods capable of separating and quantifying intact TAG molecular species have also been developed. For example, high temperature-gas chromatography coupled with mass Curves were fitted using Graphpad Prism (Michaelis-Menten non-linear regression). The inset plot correlates the activity values obtained from the two assay methods spectrometry (HT-GC/MS) has long been utilized for this purpose [27] . Recently, this approach has also been used with high sensitivity to quantify the products of in vitro enzyme reactions [28] . Similar to the ESI-MS-based method we describe here, the response of HT-GC/MS is also dependent on molecular species composition and therefore also requires determining molar correction factors for accurate quantification. HT-GC/MS would presumably also allow the simultaneous detection of both acetyl-TAG and regular TAG which is not possible with our ESI-MS-based method. However, the reliance of HT-GC for separation of intact TAG molecular species requires relatively long methods on the order of 30 min [28] . In contrast, as the method described here only involves the direct infusion of a lipid mixture and no chromatographic separation, samples can be analyzed in as quickly as 5 min. In addition, the high temperatures used in HT-GC are of concern when analyzing thermally unstable compounds. Thus concerns about the recovery and detection of highly polyunsaturated molecular species have been noted [27, 29, 30] . ESI-MS-based quantification therefore represents a useful tool with which to understand the production of acetyl-TAG in transgenic plants, as well as to better study the substrate specificity of unusual acetyltransferases such as EaDAcT.
